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NOTES FOR TEACHERS 



OBJECTIVES * ' " " , , ,^ 

AND CONTENTS: I. In this unit v/e v/ant to introduce children to some 

elementary intuitive ideas in topology. 

In topology, V7e can bend and stretch 'bodies v;ith- ^ 

out tearing, cutting or joining and observe the 'features 

v/hich do not change. TJiese v/e consider as the Invariant 

properties. As v/e bend and stretch bothies, v;e say that. 

the bodies ar^ undergoing "elastic ijnotioii" . ^ ^ 

II. This unit is designed for children as young as three 

^ years old and may be used up to the .intermediate grades 

It is desirable to start from stage I with each 

groups unless work from this unit was done with previous * 

aget groups. 

A. Topological Equivalence of Solids ' . 

(a) Using two balls of silly putty, we ^ake one ball and bend it and 
stretch it, without boring holes /in it, and compare it with the 
Other ball and observe the -features of the two balls, which pemain 
. the same. Thl3 exercise will give us the equivalence of two 
solids ^under "elastic motion"^ or we may say the topological 
Equivalence of two solids, without holes j ^ ' 



(b) <Using two pieces of silly putty - ^ach with one hole, we take .one 
piect^ and bend^and stretch it without filling in the hole» and 
compare it with the other piece and observe the features » which 
remain unchanged. This exercise i^ill give us the equivalence 
of two solids with one hole under elastic motion. 

The same is then done, with obj^ts with 2j3»M'9etc.» holes. 
B. ropological Equivalence of Sheets ^ 



(a> Usin 
bend 
cup J 
and 
"§la 



g.two sheets of soft paper or silly putty 9 we take one and 
it and stretch it and make an object; e.g. a plate, a 
a l^owl, etc. 9 and compare the, results with , the other . sheet 
Observe the features, v;hich remain unchanged under the 



3tic jnotion*^'. 



C. Topologickl Equivalence of "Lines" and Nets - 



(a) Using tv/o single sptrips of soft v/ire V7e take one and bend>4t 
without joitiing the ends and observe the .features which 
remain the same as in ^he other strip. 

(b) Using smaiyballs made from silly putty and pieces of wire, 
we |make two open nets, each with thre^ balls, and two pieces 
of x-Jive 

y ^ • ^ 

(ii) 





We then take one. of ^the netSj say (i) 'and bgnd and stretch the 
i:"wo wires and %hen compare , it Vith the other net- (iiO- 'and observe 
, the fi^iatures? which remaiip unohanged-* ^ - 

\ We then inake nets wfth six balls and compare for unchanged . 
features. . ' , 




(c)\ '['^e i^ow take two! pieces pf wire and/wi1;h* each We make a^ 



closed figure 
(i) 





We compare (i) and (ii) fdr invariant features, 
(d) We now consider "inside^' and '^outside" closed figures'* We . 
do -this by placing an object "inside" a figi»e and asking 
where is it^ "inside" or "outside"? Similarly we place^ 
an object outside a figure and ask where^ is it, "inside 
or "outbade"? 



(e) ' We now give a set of closed and 6pen figures and ask children 
to' group them. \ 
D., Qrdtr of Things on a String After Bending ^ * " 

Here we Want to show the idea that ppinTs on a| line are in the same' 
order ai^ter bending, that is, one of the invariant properties of a 
body undergoing a tppological transformation i^ that the -relative 
joints ar^ in the same order. % ' 

APPARATUS : Pieces of soft wire, clay, Sheets of soft. paper, beads, "pha^m 
I bracelets", pieces of string, rubber bapds, objects to place 

on string, >^e\g, * shapes made from cardboard: triangie, circle 
" . ''lekf, fruit, etc. . * 

PROCEDURE: In this unit we are .workingN^ith children at a very early 
^ age and':with children who have no previous experi>ence with 

these ideas. We therefore recommend the following stages of 
development.be included in your lessons.^ We illustrate the \. 
s ' * " Stages with thef content area discussed .above. 
A. Topological Eqiaivalence of Solids ■ 
Stage !• Let children use concrete material to make things as .\ 

\ . giyen in the content and get verbal responses from them. 

■ h 

For (A) Topological Equivalence of Solids, give children two 
bcblls of silly putty and ask them tj6 make things with them, ^ 
(a) withoulK^boring holes, ' ' / / 



' (b) by boring one hole in^each^^ll of silly putty 

(c) by boring two holes in each ball of silly putty 

(d) by boring three holes in each ball of silly putty 

(e) by boring four holes j.n each ball of silly piitty 




stage II. If chiidreti clo *not understand, then demonstrate, as follows: 
Here we have "two balls of clay. I can take one and make a roll, 
a* biscuit, etc. Now notice I did not. bore any holes ip the clay. 
• Now you" can make someithing. / , 

■ . ■.. ■ ■ ■ ■ ' • * ■ ' ■ - ' '^^ ■ 

Stage III. If childLrjen still^have diffi<:ulties then give them 

pictures of things they can make. , 
Example: • • ~ 




Stage IV, Ask qiJsstions to discover invariants, e^g, 

i ■ . * • 

(i) what changed in th^ ball of silly putty? - ' . 

4 i . . ' ■ # - 

(ii) what did not^chang^? ' ^ 

Suggested Activity ^ ^ \ 

Foi? each group of objects; objects without ^oles, objects with 

one hole , etc. / use an object to help the children *see the ,contras;t*. ^ 

ft • 
For examples (1) for objects with no holds, take a roll from the bakery 

and ask how it is different from a doughnut ./ "What must we do to this 

roll to make it look like a doughnut?" (2) Contrast a cup and another 

cup withva hole in a,t. How are t"hey. different?"" (3) To ^oiitrast an 



7 




object with two holes ^rith an objetit with one, h^ole, you might use 
' *a button with two holes ^nd another buttM with one o'f the holes 
blocked. C^.) In the next group of objects j you mighlT contrast , 
a face mask ''with 1:hreeoholes to a -mask 'which, has pne' of the th 
holes blocked. ' Asking always, "how are they differ ent?"" 

Stage y, .Design test- using pictures to discover l^opological 
•equivalence of objects. ' 

Example 1. ' • 

.Cross out the things you can make with a ball of clay, 
, without J>oring' hol^s. , . 







Example 2. 



Cross out the ob^'ects w^h two holes. 




- Example 3 , 



out the- objects with three, holes. 




For this section we want to conclude that: 



(1) '^All objects without holes are topologically equivalent. 

(2) All objects with one hole are topologically equivalent. 

(3) All objects with two holes are topologically equivalent. 
(If) All objects with threb holes are topologicallj^ equivalent . 
(5) All pbjects wi^th four holes are topologically equivalent-. 
B. Topological Equivalence of Sheets 

'stage I. Let children use soft pap§r or a flat pi^ce of' silly putty. 

" ' ' ■ * ■ » • . . . 

. and make things with it without boring holes or without joining 

tbe ends of -the. silly putty. 

Stage II. If children udo not undex'Stand/ then demonstrate as follows : 



Here we have a flat piece of silly puttyV I can take it 'and 

1^^' ' ^ ' ■ . • 

^;-|make a plate , ^ bowl ^ ''a sauce]^;^^ a hat 9 etc. Now you make some 

'^>. - ' ■ ^ ■ ■ . 

xt-hings with your silly putt^ ^ 

• 1 ' ' • ' : ' . • • ' 

Stage III. If children still have difficulties 9 then give them 
0 pictures of, thj.ngs they 'can make. ^ 
Example ; • ^ , ' , 






Stage IV. A^sk questions to discover inyariants 

(i) What changed iii. the ball of silly putty? 
(ii) What did not change ih the ball 'of silly p^utty? 

Suggested Activities; 



MPLES: (1) To 'illustrate the difference between^ a sheet and a 



sh^et with a hole in'^it, use the. example of a sheet-pn 
a bed .and a sheet with a hole als*b bp the. bed. Askj "What 
is the difference? "Do both ^^eets cover the tjed completely? 
(2) After a s.^eet of ^lay'has been molded into a bowl, 

, contrast a bo^l and a >qw1 with a hole in it. How are- they 

r , ^ 

different? (Perhaps a student will say, one will hold w^ter, 
the other will not. ) ^ 



Stage V. Design test using pictures to- discover tdpological 
. eqiiivaience of sheets. ^ 

■ ■ • , ■ . ■ .i.V 

EXAMPLE:- ' • - ' / 

Pick ou;t the iSiings you can make with a flal: piece of, clay or ^a 
soft sheet of papei^'Vithout boring' holes ^ or Vithout joining 
' the ends of the clay. ■ / \ 




Conclusion: 

For this section we want to' concrlude that all sheets with^^ii' 
holes 'are topologically equivalent. , ^ 

^ ■ s ■ ■ ■ " ' 
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C. tdpolpgical EquivalenGe of ^^Lines" and Nets. ; \/ ' 

(i) Single strip of wire ^ / , 

■.. • \ / . ^ ■ ' ^ / 

Stage I. Let children use pieces of soft wire ^bo make things- ^ 

/ withput joining cutting the wijpiss. 

. Using a single piece of wire^ maKe several ^things by 

\ bending it . ' . ! • . , 

' - ' ■ ■■ - / ■ ■ . 7. - " ■ 

Stage II." If children do tiot understand, then demonstrate as 
Q follows : . V 

* . Here with this piece of wire, I can make' some ;things 
<* by bending it. For example: from x^' — I - 



lan make, 



o 




(ji z 



Stage III 4 If children still have difficulty then giVe ~tbem 
. pictures of things they can make, e.g. 



i 



Stage IV. Ask quest i6ns< to discover invariairfg .. 
."^Ny (i) What changed in tfie. wire? , h 

" (ii) What remained unchanged in the wire? 
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(ii) Bending Wires with one junction • 

Using the figures .below go through stages I to V as above, 
(then see Suggested Activities ^ p. 3) ^ i 






(iii) Bending wires with ;two junction^ 



Using the figures below go through stages I^o V as above 




ERIC 




Suggested Exercises: ^ 

1. Takeiii^ antd ben^ 

^ Ask: Ar^ they tlfe same? 

. _2How ^re they the same? 
-■ 2. ^Lets* gi^e each ball a name: 

• A , ■ ■. - 





Fig. 1 



<^ Ask: How many ends of string are there in Fig. 1 at A? 
. ■ - . • " . ^ B? 

'. ? ? ' C? 

. How many en^a of stringy are there in Fig. ? at A? 

B? 



\ 



C? 



'3. Make a chart to show: 



BALL 



NUMBER OF STRING ENDS 



FIG. IL 



FIG. 2 
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HdvT inany^bal3.s have the number 1 or '3? 

L. ' 

Other 'examples , same quest-ion as 1, 2. 
C 

D ' 
















■ ' . . / Fig' 3 


V 






■ • / 


' • i " * 

6. Make a'.dhart to show: 

' . , r . " 










■ , BALL , 


^NUMBER OF STRIITG ENDS ^ 
FIG.' 3 ■ FIG. W 






■ ' A 
• ■ ° B 

* ' D 


1 

A 

1 


1 
3 
1 

1 ' 




• 


How^ many balls have the' 


number 1 oizJ^T'' 







6.- Other examples, same as question 1, 2. 



- B 





Fig. 5 ■ 



Fig;. 6 • 
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7. Make a chart to shov; 



BALL 



A 

• B 
C 

D- . 
E 
/F 

How many balls have 



NUMBER OF STRING ENDS 
»Fig.' 5 Fig. 6 



- ..1 1 

• *3 / -3 

1 ^ 1 

,1 ^ 1 

3 • 3. 

:> 1 1 

the ttumber 1 or 3? 



8. Take"your pehcil and ti>y tb trace all the lines without lifting 

/ _ ■ L • 

your pencil or going- ov^r any part twice, 
'In wlfuch figures can ^pu do this?. ^ 
. What do ^you jiotice frc^tn th^ chari;3 about the number of (pdd) 
-vertices with 1 or 3 and being* able tb -trace? 
To con'tr^st^^jeP^es with one junction with wires that have* two junctions ^ 
and variations of these two situations j you might'^^^et^p' the exampi^e 
of children pulling on ropes . . (each child to on^ end of the rope) 




Fig. "1 
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f 



■ [ 



' 15 



y 




Fig. 




► a 

\ 



Ask in each case 5 "How many Ghildren can pull on the rop^s?'^ Jo 



- i answer* how are they the same? 

^ • - I ^ .. 

. AsH the same (Question, contrasting Fi^g. 2, Fig. '^3. and Fj,g.-4- 
"How are they different?" . - - ^ ' 

■ • 

Stage^V.* Design test to discover, topologica*l 'fecf^iivalence off? lines. 
Qonclusion : - ► . . • ^ 



\ 



Here- we- want to^conclude that: 



(aX Air thiogs with single wires without joixiing are topologically 
equivalent. ° ^' ' ^ 



i 



(b) All things with one^ junction and the sam^ number' af wires "are 
topologically equivalent. . * ' 

k?^- /(c) ^ All things with two junctions 'and the same number of wires at 

each junction are topologicfally equivalent* / * 

(d) aIi nets with more than two odd v^^ices cqin not be» tt^a-ced ' 
..without lifting ydur pencil or . going over some part twice* 

D. Qpei;i and Closed f.Figurea 

Stage I. .Giye children closed rubber bands and ask them to bend them, 
twist themf ,an^.Tnake different shapes* 

' ' Stage II. If children do not understand ^ then demonstrate- .-^^ . 

Stage HI. if^ children still have difficulties j then give them \ 
pictures of things they 'can make. 



/ 
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St^ge IV. Ask question$ ^tb^ discover invariants. . r 

(i) What changed i^ the rubber, ring? " ^ 

• ' (M) "what did not change in the rubber* ring? 

Suggested Activity : ^ • ,0 ' - . ' * 

1. To -he^!p contrast: open and closed 'figures , use the example- gf driving 

■ \ around (or. tracing, around) ithe./igure. Help th^ Qhiiaren to see that 

V7e can "go all the>ay aroun^^.to v/here we* started from" in a closed 

figure* but that .is. impossible in an open figure. , * <f • ^ 

5. To contrast further the' concept" of ope^ "and closed -figures use 
studen^:s and icjope. Dsing a closed rope figure about a student, 
; -ask the class, ''^How can he get .out?" or How can another student • 

get 'irit" and va;^i^ti6n^ of this.. " 0 . 

Stage vl Design tes-t.^sing pictures to discover topological equivalence 
* of Qbj.ects. 'Mve examples with open ^and^ closed figures, 
^ / Example -I. Cross out things you can make with a rubber 
' ♦ rin^ without^ cutting' it. 



' Example II. Say -if °fhe doll -is "inside" of» "outside" the ring. 



„ EXAMP LE III, If the doll is inside the rings how could it get out? 



It vrill hav& to jump o^fer the fence. . Now say in which 
of the following v;ill the^doU have to jump over the 
fence to get put, ^ ^ „ 



^^f^'mr'i )•■ 






* * ■ ■hi • V 























Conc lusi on 




We v/ant to conclude here that 

V./ 



(a) '^All open figures are top^logically equivalent , 

(b) To get from "outside^* t^ "inside" a^ figure -^tia vice versa, 
a boundary must be crossed. V 
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Order of Things on a Stirng After' Bending . « ^ ^ 

Stage I* G^ve children* op.en strings with two or /four objects tied 
along the st-rmg. * . > 

Provide children with strings and objects, and ask^them 

\ • ^- ■ . ' o • . ■ ■ / 

J ' \ to. put. objects oii string in- the same order. / 



Stage it. If they cannot pe??vf6rin the t^sk then demonstijate an example 



to them and* then let ^h4m follow and do the givfen .tasks. 



Stage. III. if th*^y cannot perform stage II , then give them' objects 

/ ■' . . ' / - ' • " ' ■ 

and piptiiu?es and demonstrate. Then- ask them to perf^m 

♦ . , \" . ^ ' 

tasks . . ^ 

-stage IV. If stage 'II is successful j tjien give them pictures and let 

. - ■ ■■ ' . ' 

\ them perform taslcs by -using pictures. Here no demonstration 

. given. ^ . ' _ . . 

. ' ■ ■ - i • \ 

Stage Design exercises to discover order. ^ \ 

EXAMPLES: ' ." ' ' 



Here we have some things on' a wire 



Gbnclusioh 



Here we w^nt to conclude that points on a line are in the same order 



after undergoing a topologies transformation, e.g. bending.;. . V 



Jormi^J 

Suggested X)bject,s ; ' Tomatc^, biscuit, potato, doughnut, ring, edrritig, . 
eye glass frames, ^binoculars, electric socket plate, -Swissv cheqse^ 
(withrholes) j notebook paper, mask, hingef, biittpn (with holes) , boi^l^v 
derby hat ^ big string for felt board with objects, attached. o I 
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Children's Kit 

Four ounces of plastic clay (or plas^feicine) 
Ten colored beads-" ^ * 

Six.-pltates of soft wire (or toy pipe cleaners) - each about 4-5 inches long. 



